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(54) PULSATING POWER SOURCE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a pulsating power source 
which is capable of surely processing kickback energy, while 
relatively simplifying the constitution of a putse generation circuit 
as well as the control of a semiconductor switch. 
SOLUTION: An initial stage capacitor CO is initially charged from a 
charger 2 through a semiconductor switch SW0, then a pulse 
current is supplied from the capacitor to a magnetic pulse 
compression circuit by a semiconductor switch SW and is supplied 
to a load, whereas a kickback current returning from the load to 
the capacitor is made to flow to a resistor R through a diode D, so 
that the kickback energy is consumed as heat loss. Also, a reactor 
is provided in series with the diode and the resistor and the 
constitution of generating the vibration current of a half cycle with 
the capacitor, when the capacitor is charged to an opposite polarity 
by the kickback current and of consuming the kickback energy in 
the resistor is provided as well. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the pulse power source which charges a capacitor the first stage, carries out magnetic-pulse 
compression of the pulse current by discharge of this capacitor, and is supplied to a load the first rank — The 1 st 
solid state switch by which ON control is carried out when supplying the initial charging current to said 
capacitor from a battery charger, The 2nd solid state switch by which ON control is carried out when supplying 
the discharge current from said capacitor to a load side, It has the resistance by which parallel connection is 
carried out to said capacitor, and the series circuit of diode. The initial charging current of said capacitor by 
which said diode let said 1st solid state switch pass is carried out in the direction which prevents flowing to said 
resistance. Said resistance is a pulse power source characterized by making kickback energy which returns from 
a load side to said capacitor side through said 2nd solid state switch the configuration consumed as heat loss. 
[Claim 2] It is the pulse power source according to claim 1 to which a reactor is formed in the series circuit of 
said diode and resistance, and this reactor is characterized by making kickback energy the configuration made 
to consume as heat loss by said resistance by generating the oscillating current of a half period between these 
capacitors when said capacitor is charged by reversed polarity with the kickback current from said load side. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the processing circuit of the kickback energy when starting the 
pulse power source which generates a narrow-width high current pulse combining the pulse generating circuit 
and magnetic-pulse compression circuit which used the solid state switch for power, especially supplying pulse 
current to a load. 
[0002] 

[Description of the Prior Art] The example of a configuration of a pulse power source is shown in drawing 5 . a 
pulse generating circuit 1 — the first rank for power - the capacitor CO is charged with the battery charger 2 the 
first stage, and pulse current is supplied to the input stage pulse transformer PT of a pressure up and the 
magnetic-pulse compression circuit 3 from a capacitor CO by ON control of a solid state switch SW. 
[0003] A pressure up and the magnetic-pulse compression circuit 3 carry out high-pressure charge of the 
capacitor CI by the pulse current 10 which carried out the pressure up with the pulse transformer PT. When 
saturable-reactor SI1 carries out magnetic switching on the charge electrical potential difference of this 
capacitor CI, generate the narrow- width pulse current II from a capacitor CI to a capacitor C2, and high- 
pressure charge of the capacitor C2 is carried out. When saturable-reactor SI2 furthermore carries out magnetic 
switching on the charge electrical potential difference of a capacitor C2, the pulse current of narrow-width and 
the high voltage is supplied to the loads 4, such as excimer laser, from a capacitor C2. 
[0004] In the pulse power source of such a configuration, a part of energy returns to a pulse power source, 
without a load 4 consuming all the given pulse power. If it is left as it is, this returning energy (it is called 
kickback energy) produces residual charge to the capacitor in a circuit, and pulse current precision will be 
reduced or it will worsen the magnetic properties of a saturable reactor. 

[0005] Then, kickback energy is revived to the capacitor CO of the first rank, and the regeneration form used for 
the following charge cycle as a part of charge energy is put in practical use. this regeneration form pulse power 
source — the direction of a kickback current — the first rank ~ since it becomes the reverse sense from a 
capacitor with the charge direction required to generate the first pulse, the circuit which reverses a kickback 
electrical potential difference is added. 

[0006] the conventional first rank which drawing 6 gave the regeneration function ~ a pulse generating circuit 
is shown. Saturable-reactor SI0 is formed at the solid state switch SW in (a) - (c) of this drawing using IGBT in 
the magnetic assistance for reducing the turn on power losses of the switch for discharge of a capacitor CO. 
Moreover, diode Dl is an object for the reverse voltage protections of a solid state switch SW. 
[0007] At (a) of this drawing, after carrying out discharge of a capacitor CO by ON of a solid state switch SW, a 
capacitor CO is charged through a solid state switch SW at reversed polarity with the kickback current from a 
pulse transformer PT. By this charge, a reactor L0 is made to generate the oscillating current through diode DO 
from a capacitor CO, and the regeneration of kickback energy is obtained by carrying out reversal charge of the 
capacitor CO at the polarity at the time of initial charge. 

[0008] In (b) of this drawing, diode D2 is added to the circuit of (a), and it prevents that the electrical potential 
difference of the capacitor CO charged by reversed polarity leaks to a pulse transformer PT side. 
[0009] In (c) of this drawing, the oscillating current is generated through diode Dl and a saturable reactor LI 
from the capacitor CO charged by reversed polarity with a kickback current. 

[0010] In addition, various circuits for magnetic-pulse compression, such as replacing the magnetic-pulse 
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compression circuit 3 with an input stage pulse transformer, and using it as a good saturation transformer, are 

proposed. 

[0011] 

[Problem(s) to be Solved by the Invention] In the conventional pulse power source, since the kickback energy 
from a pressure up and the magnetic-pulse compression circuit 3 changes with the conditions of a load, change 
of the time amount from which a kickback electrical potential difference returns to the capacitor CO of the first 
rank is caused, the timing control of a solid state switch SW becomes complicated, and a control circuit also 
becomes complicated. 

[0012] The electrical potential difference of a capacitor CO and the relation of the current which flows a solid 
state switch S W are shown in drawing 7 . In this drawing, when ON control of the solid state switch SW is 
carried out at time of day tl , discharge of a capacitor CO is started by the time lag of Tl decided by magnitude 
of the electrical-potential-difference time amount product of the magnetic substance of saturable-reactor SIO, 
and the electrical potential difference of a capacitor CO. Time amount T3 to the time amount T2 to the charge to 
the reversed polarity of the capacitor CO by the kickback current from discharge of this capacitor CO and the 
reversal charge to the straight polarity of a capacitor CO changes with the magnitude of the amount of 
kickbacks. 

[0013] As for a solid state switch SW, it is necessary to change of such time amount Tl - T3 for a kickback 
electrical potential difference to choose timing at its own discretion to reversed period T four, and to carry out 
turn-off control for the positive regeneration of kickback energy. 

[0014] Although there is a feedback control method which detects the current polarity of a capacitor CO and the 
direction of a current as this turn-off control system in the circuit of (a) of drawing 6 , an excessive voltage- 
current sensor is needed and there is a possibility of damaging a solid state switch by malfunction. 
[001 5] Although protection of a solid state switch can be performed by mediation of diode D2, a sensor is still 
needed in the circuit of (b) of this point and this drawing. 

[0016] moreover, the thing for which a sensor is needed in the circuit of (c) of this drawing — in addition, in 
order that a kickback reversal current may flow a pulse transformer PT following on a kickback current, there is 
while [ no ] a pulse transformer PT is saturated, the outflow of energy occurs in secondary [ of PT ], and energy 
regeneration effectiveness is worsened. 

[0017] The purpose of this invention is to offer the pulse power source which can process kickback energy 
certainly, simplifying the configuration of a pulse generating circuit comparatively and also simplifying control 
of a solid state switch comparatively. 
[0018] 

[Means for Solving the Problem] In order that this invention may solve said technical problem, it is the thing 
was made to consume as heat loss by resistance, without reviving the kickback energy from a load side, and 
make generate the oscillating current between capacitors with a reactor further, and it was made to make 
consume as heat loss by resistance, and is characterized by the following configurations. 
[0019] In the pulse power source which charges a capacitor the first stage, carries out magnetic-pulse 
compression of the pulse current by discharge of this capacitor, and is supplied to a load the first rank — The 1 st 
solid state switch by which ON control is carried out when supplying the initial charging current to said 
capacitor from a battery charger, The 2nd solid state switch by which ON control is carried out when supplying 
the discharge current from said capacitor to a load side, It has the resistance by which parallel connection is 
carried out to said capacitor, and the series circuit of diode. The initial charging current of said capacitor by 
which said diode let said 1 st solid state switch pass is carried out in the direction which prevents flowing to said 
resistance. It is characterized by carrying out said resistance to the configuration which consumes the kickback 
energy which returns from a load side to said capacitor side through said 2nd solid state switch as heat loss. 
[0020] Moreover, a reactor is formed in the series circuit of said diode and resistance, and it is characterized by 
making it the configuration which this reactor makes consume kickback energy as heat loss by said resistance 
by generating the oscillating current of a half period between these capacitors when said capacitor is charged by 
reversed polarity with the kickback current from said load side. 
[0021] 

[Embodiment of the Invention] (1st operation gestalt) Drawing 1 is the pulse generating circuit Fig. showing the 
operation gestalt of this invention, and the same sign shows things equivalent to each circuit element of drawing 
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6 including other operation gestalten explained below. 

[0022] The part into which the configuration of drawing 1 differs from (b) of drawing 6 is in the point of having 
formed Resistance R in diode DO at the serial, and having formed the solid state switch SWO in the initial 
charging current way from a battery charger 2 to a capacitor CO, except for a reactor L0. In addition, the diode 
D3 which carried out parallel connection to the solid state switch SWO in the reversed-polarity direction is an 
object for protection to the reverse voltage of a switch SWO. 

[0023] In this operation gestalt, ON control only of the time of the charge to a capacitor CO from a battery 
charger 2 is carried out, and a solid state switch SWO prevents the discharge by the side of a capacitor CO from 
a battery charger 2 during discharge of a capacitor CO, and after discharge. 

[0024] A capacitor CO is carried out to the discharge by the current path which let saturable-reactor SI0, the 
primary winding of a pulse transformer PT, and diode D2 pass by ON control of Switch SW, after charging by 
ON control of a switch SWO the first stage. 

[0025] The kickback current from a pulse transformer PT side tends to flow by the current path through the 
switch SW of being held at an ON control state, and diode D2, and tends to charge a capacitor CO at reversed 
polarity. At this time, it is placed between juxtaposition by the series circuit of diode DO and Resistance R at a 
capacitor CO, and a kickback current is consumed as heat loss by Resistance R through diode DO, without 
charging a capacitor CO at reversed polarity. 

[0026] Each part wave at this time is shown in drawing 2 . By ON control of a solid state switch SWO, after a 
capacitor CO is charged by the electrical potential difference VC 0, ON control of the solid state switch S W is 
carried out at time of day tl, only time amount Tl is overdue by the magnetic assistance by saturable-reactor 
SI0, and the discharge from a capacitor CO to a pulse transformer PT side is made. 

[0027] If the constant of a capacitor CO and Resistance R is set as the criticality constant near it also including 
the suspension inductance when the kickback current from a load 4 side appears in Switch SW through a pulse 
transformer PT in this discharge (time of day t2), it will flow as a current iR on which most kickback currents 
let diode DO and Resistance R pass, and energy will be consumed as heat loss in an instant. On the other hand, 
few currents iCO are occurs of the forward voltage component of diode DO to a capacitor CO. 
[0028] In addition, although slight residual voltage occurs to a capacitor CO, it can be made to consume by 
Resistance R by mediation of a suspension inductance etc. 

[0029] After a kickback current is consumed by Resistance R (time of day t3), it waits for suitable time amount, 
and turn-off control is carried out and a solid state switch SW prepares for next pulse generating. 
[0030] Therefore, according to this operation gestalt, kickback energy is consumed by Resistance R in an 
instant, without charging a capacitor CO at reversed polarity. And effect is not received in change of the 
kickback energy by the condition of a load at all. Furthermore, it is lost that a capacitor CO is charged with a 
kickback current by full consumption of the kickback energy by resistance, and make [ the solid state switch 
SW / into an ON state ], it does not leak to a load side. 

[003 1] It becomes without carrying out the turn-off of the solid state switch SW to the mistaken timing, and 
starting the breakage from this, while turn-off control of a solid state switch SW can be performed at suitable 
time of day and the control becomes easy. Furthermore, it is lost that a kickback current flows into a pulse 
transformer PT side, and unstable actuation is not invited to next pulse generating. Moreover, the electrical 
potential difference and current sensor which were needed conventionally in the circuit become unnecessary. 
[0032] Moreover, since it is not placed between charge of the capacitor CO by the switch SWO by the 
conventional reactor L0, a thing high for charge precision can be obtained to it, simplifying a charge circuit. 
[0033] (2nd operation gestalt) Drawing 3 shows other operation gestalten of this invention. The part into which 
this drawing differs from drawing 1 is in the point which inserted Reactor L in the series circuit of diode DO and 
Resistance R. 

[0034] It is for making kickback energy consume as heat loss by Resistance R because this reactor L once stores 
a kickback current in a capacitor CO and generates the oscillating current of a half period between this capacitor 
CO. In addition, when a kickback current flows Resistance R, the constant of Reactor L is made into the 
criticality value near it so that the recharge of the capacitor CO may not be carried out. 
[0035] When the wave of each part is shown and a kickback current begins to flow at time of day t2, by 
mediation of Reactor L, drawing 4 passes a kickback current to a capacitor CO, stores it as that charge energy, 
generates the oscillating current of a half period between a capacitor CO and Reactor L at the time of 
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termination of a kickback current (time of day t3), and makes kickback energy consume by Resistance R by this 
oscillating current. 

[0036] Turn-off control of the solid state switch SW is carried out at the suitable time of day after the time of 
day t4 which finished this oscillating-current period. 

[0037] Therefore, according to this operation gestalt, in addition to the operation effectiveness of the 1st 
operation gestalt, it inhibits that kickback energy is consumed by Resistance R in an instant, the maximum 
current which flows to diode DO by this is suppressed, and the current duty can be mitigated. Moreover, in 
Resistance R, since consumption of kickback energy is performed by comparatively long time amount 
compared with the case of drawing 1 , the rated power can use a small thing. 

[0038] In each operation gestalt to the above, although the case of IGBT is shown as switches SW and SW0, 
this is permuted by FET for power, GTO, a thyratron, etc., and does the equivalent operation effectiveness so. 
Moreover, when considering as a switch with the flow stopping-power force of hard flow, the diode D2 and D3 
in drawing 1 and drawing 3 can be omitted. 
[0039] 

[Effect of the Invention] Since it was made to consume as heat loss by resistance, and the oscillating current is 
further generated between capacitors with a reactor and it was made to make it consume as heat loss by 
resistance according to this invention the above passage, without reviving the kickback energy from a load side, 
there is the following effectiveness. 

[0040] (1) In order not to revive kickback energy, while circuitry and its control become easy, kickback energy 
can be processed certainly. 

[0041] (2) Since full consumption of the kickback energy is carried out by resistance, it is lost that the residual 
voltage of a capacitor leaks to a load side. 

[0042] (3) Since residual voltage does not occur to not being placed between charging current ways by the 
reactor L0 for regeneration, and a capacitor, charge precision can be raised, simplifying charge control. 
[0043] (4) When forming the reactor made to generate the oscillating current between capacitors, the duty of 
serial diode can be mitigated to resistance or it. 

[Translation done.] 
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DRAWINGS 



[Drawing 1 ] 




[Drawing 2] 
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[Drawing 4] 
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[Drawing 51 
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[Drawing 6] 
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[Translation done.] 
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